however it is now clear that Asian freshwater Corbicula lineages are developmentally 17 and genetically [7] [8] [9] [10] [11] 18, 19 heterogeneous. Two morphotypes of Corbicula occur in North America. 1 One sports a deep purple inner shell surface (Form B 5 ) and is restricted to the southwestern portion of the continent. The other has a white inner shell surface with purple highlights (Form A 5 ) and is much more widely distributed. Allozyme studies uncovered very little intra-morph genetic variation but found fixed inter-morph differences in a total of eight loci 2, 3 which were correlated with conchological distinctions 2 and interpreted as compelling evidence against a single-species model for Corbicula in North America. 4 This interpretation has been disputed and the conchological and protein phenotype distinctions among the morphs dismissed as ecophenotypic characters. 5 Recent workers on North American Corbicula have tacitly adhered to either the dual-species 1 or to the single-species 20 hypotheses, a dichotomy that undermines the equivalency of Corbicula datasets gathered throughout the continent. In our study, we revisited this issue using an independent genetic dataset.
Replicate samples of the two North American morphotypes from different parts of their respective North American ranges (Table 1) were sequenced for the target mt CO I gene fragment. Two morphotypespecific mt genotypes were recovered that differed by 16 nt substitutions (Figure 1 ). No within-morphotype variation was encountered, i.e., a single Form A haplotype was obtained from Michigan and North Carolina samples which was genetically distinct from the single Form B haplotype obtained from Utah and New Mexico specimens. This result corroborates the genetic distinctiveness of the two North American Corbicula morphotypes established by earlier allozyme studies, 2, 3 implies that there may be a genetic basis to their distinct patterns of distribution 1 and cautions against a blanket application of morphotypespecific ecophysiological datasets to all continental populations.
Data from congeners across the generic range 6 of Corbicula are necessary to place the North American genetic variation in context and, to this end, we obtained Corbicula samples from eastern Asia, Australia and Madagascar (Table 1 ). In particular, we were interested in sampling the well-studied Corbicula lineages in Japan: the estuarine, non-brooding, gonochoric, diploid, meiotic, indirect developer C. japonica, 7, 11, 23 the freshwater, non-brooding, gonochoric, diploid, meiotic Lake Biwa endemic C. sandai Reinhardt, 1878 7, 10, 17 and the freshwater, brooding, hermaphroditic, triploid, androgenetic C. leana. 7, 8, 10, 24 Table 2 summarizes the corrected pairwise intrageneric genetic divergence levels uncovered in our Corbicula CO I dataset, which maintained a clear transition bias. The estuarine species C. japonica represented the most divergent haplotype, differing by Ͼ12% from all its congeners. The maximum divergence value among the freshwater Asian/Australian Corbicula mt genotypes (4.11%) was recorded for C. australis and the Japanese lineage C. leana. Remarkably, the North American Form A and B haplotypes, Table 1 . Locality data, collector, number of individuals sequenced/sample, voucher specimen information (Mollusc Division Catalog Number, University of Michigan Museum of Zoology) and GenBank accession numbers for the corbiculid taxa utilized in this study. There is much disagreement concerning the nomenclature of Corbicula spp. and we employ the species names utilized by recent workers on the sampled taxa/populations. For instance, it has been proposed that all estuarine Corbicula populations are attributable to C. fluminalis (Müller) which has a type locality in southern China 6 . We here utilize C. japonica for our sample of estuarine Corbicula because this name has been exclusively employed in the extensive Japanese literature on these organisms and the systematic relationships of estuarine Corbicula have yet to be tested using non-conchological characters.
Taxon
Collection locality (# sequenced) Collector UMMZ GSDB Catalog no. accession no.
Corbicula leana Prime, 1864
Toyo River, Aichi Prefecture, Japan (3 geners, 25 typical of this species 11, 19 but unknown from C. leana 11, 19 or from other studied freshwater hermaphroditic Corbicula. 2, 3, 15, 16, 26 Our discovery of a two-fold case of Asian/North American Corbicula haplotypic identity (Table 2) is congruent with a number of karyological and reproductive features shared by the sampled populations. Preliminary karyological results show that both North American Form A (Siripattawan, unpubl.) and Form B (Burch, J.B. pers. comm.) lineages are also triploid with a chromosomal complement of 54. Biflagellate which differ by 2.85%, were identical to triploid 7, 9 Asian congeners from Japan (C. leana) and Korea (C. fluminea) respectively. This result is inconsistent with a prior allozyme study which concluded that the Asian source population was unlikely to be Japanese. 25 The unidentified Japanese Corbicula sample (obtained 'near Tokyo') utilized in that study 25 was presumably not the Lake Biwa endemic C. sandai. It may well have consisted of C. japonica specimens because it exhibited the high heterozygosity levels (H -ϭ 0.229), and allozymic distinctiveness from freshwater con- ] sequenced for North American Corbicula samples (Table 1) and showing the two morphotype-specific 5 mt genotypes encountered. The prefixes indicate the Corbicula morphotype from which the mitochondrial genotype was obtained and no intra-morphotype sequence variation was encountered. All but one (position 35 in alignment) of the inferred substitutions were synonymous. Molecular techniques were as previously described 22 . . With one exception, the nodes presented were recovered in all of these trees. Although the North American Form B/Korean C. fluminea samples share the same mt COI genotype, the supporting (dashed) branch collapsed in 2 of the 12 most parsimonious trees, indicating that their sequence identity may be partially due to the retention of plesiomorphic character states. The numbers placed below and above branches respectively indicate the Bootstrap values (if Ͼ50) and Decay Index values (calculated for the strict consensus topology) supporting each node. The phylogenetic methodology is detailed in a previous publication 22 . Monoflagellate and biflagellate sperm icons adjacent to the terminal polytomy of freshwater Corbicula mt genotypes indicate the known male gamete morphology for 4 of the 5 constituent taxa/populations. Biflagellate sperm appear to be diagnostic for ameiotic Corbicula lineages. 10, 27 sperm appear to be diagnostic for ameiotic Asian Corbicula lineages 10, 27 and such sperm are also produced by both North American Form A 28, 29 and Form B (Siripattrawan, unpubl.) populations. Finally, histological studies have found evidence for intragonadal embryonic development in both C. leana 30 and North American Form A. 31 Our results indicate that the predominant North American morphotype. Form A, represents an introduced population of C. leana which (as is the case in Japanese populations 8 ) is likely to be androgenetic. Interestingly, the haplotypic identity among Japanese and North American populations of C. leana is not reflected in shell coloration; Japanese samples (including ours) typically have dark purple inner shell surfaces 19 whereas the North American populations (Form A) are dominated by individuals with white inner shell surfaces. 5 The other North American morphotype, Form B, 5 represents an introduced population of a genetically distinct Asian triploid lineage, 9 identified as C. fluminea in Korea, and likely to also be ameiotic. Ultrastructural studies have revealed morphological differences among the biflagellate sperm of Asian triploid ameiotic C. leana and C. aff. fluminea 27 and it would be of interest to establish if similar gamete fine structural distinctions occur among the two introduced North American lineages.
We performed a phylogenetic analysis of the Corbicula CO I dataset, together with New World corbiculid taxa, in order to test evolutionary relationships proposed in karyological 7 and allozymic 11, 19 studies of Japanese Corbicula species. All three Japanese studies concurred that the estuarine C. japonica is sister to the two freshwater taxa and the karyological study 7 further proposed that the diploid C. sandai represents a parental species for the triploid C. leana. Maximum parsimony analysis produced the consensus tree topology shown in Figure 2 . Robust support was evident for nested monophyly of, in turn, the genus Corbicula, freshwater Corbicula lineages, and East Asian/ Australian freshwater Corbicula lineages. A terminal polytomy encompassed the latter grouping, including the Japanese taxa C. sandai and C. leana. Our tree topology (Figure 2) corroborates the sister status of C. japonica to all of its sampled freshwater congeners, including the Madagascar lineage. The terminal polytomy of East Asian/Australian freshwater Corbicula lineages provided no convincing evidence that C. sandai represents a parental species for C. leana, 7 or for any other member of that cluster. Although minimum evolution and maximum likelihood analyses (not shown) resolved this polytomy, the terminal freshwater Corbicula lineage topologies obtained in these analyses were incongruent and far from robust. We consider that the COI dataset contains insufficient phylogenetic signal to confidently assign systematic relationships among the East Asian/Australian freshwater lineages studied.
The strict consensus format of Figure 2 obscures branch length information among the terminal freshwater Corbicula lineages. To extricate this information, we performed an exhaustive parsimony search which was restricted to the terminal taxa. The resulting unrooted phylogram is depicted in Figure 3 . Note that the two exotic lineages introduced to North America are relatively distinct; North American Form B 5 /Korean C. fluminea is positioned closer to all other members of the network than it is to North American Form A 5 /C. leana. The lack of phylogenetic resolution among East Asian/Australian freshwater Corbicula lineages in Figure 2 does not bode well for the prompt reconstruction of evolutionary relationships among these taxa. C. sandai is the only non-brooder 17 and probably the only meiotic 10 taxon in this grouping. Three of the four remaining lineages produce biflagellate sperm [27] [28] [29] 33 (Siripattrawan, unpubl.), a convenient marker for clonality in Corbicula, 10, 27 and the population genetic structure of Thai C. fluminea 16 strongly resembles that of the ameiotic C. leana but not that of its meiotic congeners. 11, 19 The modest corrected genetic divergence levels [р4.11% for the CO I fragment (Table 2) ] exhibited by East Asian/Australian freshwater Corbicula are consistent with an evolutionarily recent common origin. Yet, there is no convincing parental meiotic species presently available for the closely related brooding (and probably clonal) freshwater lineages which are collectively distributed from southeastern Australia to the Japanese archipelago.
A clonal reproductive mode may underlay much of the ecological success of freshwater Corbicula lineages both in their original range 6 and elsewhere. 1, 12, 13 Reconstructing the evolutionary origin(s) of clonality in Asian freshwater Corbicula is a prerequisite to resolving the systematic and nomenclatural complexities of this group. This task would be greatly facilitated by the discovery of convincing meiotic parental species and it is hoped that further study of freshwater Corbicula lineages throughout their generic range will bring this about.
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